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[Claims] 

[Claim 1] A method for surface treating copper foil for printed 
circuits by submerged current collection, characterized by 
comprising the steps of: 

positioning an anode plate directly coupled to a power 
source for applying current to said copper foil and a cathode 
plate directly coupled to a power source for collecting current 
from said copper foil in an electrolytic bath facing said copper 
foil; 

applying a required current to said copper foil and 
collecting current from said copper foil to electrochemically 
surface treat said copper foil, without employing collecting 
rolls, in a combination of an electrochemical reaction in which 
said copper foil serves as anode and an electrochemical reaction 
in which said copper foil serves as cathode. 
[Claim 2] The method for surface treating copper foil for 
printed circuits of claim 1 wherein said cathode plate is 
positioned in a first electrolytic bath to electrolytically 
process the roughened surface of said copper foil and said anode 
plate is positioned in a second electrolyte bath to roughen the 
surface of said copper foil. 

^ Numbers in the margin indicate pagination in the foreign text. 
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[Claim 3] The method for surface treating copper foil for 
printed circuits of claim 1 wherein said anode plate is employed 
to roughen the surface of said copper foil after which said 
cathode is employed to electrolytically process the smooth 
surface of said copper foil within a single electrolytic bath. 
[Claim 4] The method for surface treating copper foil for 
printed circuits of claim 3 wherein said cathode plate is 
separated by an ion-exchange membrane. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] The present invention relates 
to a method for treating the surface of copper foil for printed 
circuits by a submerged collection method in which a current is 
collected without using a collecting roll when electrochemically 
treating the surface of copper foil. In this method for 
treating the surface of copper foil for printed circuits, the 
electrolytic deposition of metal onto the surface of a 
collecting roll is eliminated, making it possible to eliminate 
the resulting reduction in the quality of the copper foil 
(pressure marks, scratching., transfer, and the like) . 
[0002] 

[Prior Art] Copper foil and copper alloy foil (referred to 
hereinafter as '"copper foil") contribute greatly to the 
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development of the electric appliance and electronics 
industries. Their presence is now indispensable, particularly 
as materials for printed circuits. Both electrolytic copper 
foil and rolled copper foil exist. Based on the quality 
required, the copper foil employed in printed circuits undergoes 
numerous treatments to achieve a rough surface (adhesion 
surface) that is adhered to a resinous base material and a 
smooth surface (non-adhesion surface) . Generally, for example, 
the rough surface is achieved by applying a roughening treatment 
in which the copper is gnarled by electrodeposition; a thin 
copper plating process in which a coating layer is formed to 
prevent the electroplated particles from falling off; a 
treatment to form a metal or metal-alloy layer, as needed; and a 
rust preventing treatment. 

[0003] In the conventional surface processing of copper foil for 
use in printed circuits, collecting rolls (contact rolls or 
conductor rolls) are required to collect current. That is, in 
the step in which surface washing and electrodeposition are 
conducted on a surface-treatment line in the manufacturing of 
copper foil, numerous rolls are employed to move the copper foil 
rapidly along a prescribed path, and in the middle of the line, 
multiple collecting rolls are employed. Fig. 8 is a conceptual 
diagram of the use of the collecting rolls. Copper foil 1 
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enters vertically downward into an electrolytic bath around 
collecting roll 12, changes direction about immersion rolls 13 
and 13' , moving vertically upward, and is drawn out by guide 
roll 14, from which it proceeds to the next step. Collecting 
roll 12 is coupled to a direct current power source 15. An 
anode plate 16, directly coupled to direct current power source 
15, faces the copper foil while being immersed in the 
electrolyte bath. A current applied from the positive electrode 
of the direct current power course passes through the anode and 
copper foil, flows into the collecting roll, and then flows to 
the negative electrode of the direct current power source to 
complete the circuit. For example, a high current of some 
10,000 to 30,000 A is sometimes applied to the collecting roll. 
[0004] In a conventional collecting roll, a roll drum is 
manufactured by rolling flat a stainless steel material, bonding 
a copper sheet to it to form a clad sheet, bending the clad 
sheet into a cylindrical shape, and welding the joint. However, 
in some collecting rolls with welded joints, the quality of the 
copper foil product is diminished by the welded joint. For 
example, there are problems in that the electric current tends 
to be nonuniform at the welded joint, copper foil coming into 
contact with the welded joint tends to be scratched, defects 
such as pinholes and pressure marks form in the copper foil due 
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to metal grains that are electrodeposited locally on weld 
defects, and electrodeposited metal grains fall off and adhere 
to the surface of the copper foil. Accordingly, seamless 
collecting rolls obtained by forging and pressing stainless 
steel into seamless pipe over which copper pipe is shrink fitted 
have been proposed (Japanese Patent Application Publication No. 
Hei 4-66696) . 

[0005] Generally, the collecting roll must be positioned in a 
spot that is adequately dry. This is because aqueous solution 
and some electrolytic solution commonly adhere to the copper 
foil. When electrolytic solution or the like adheres, sparks 
are generated and an electrolytic deposition reaction of metal 
with the collecting roll, copper foil, and contact portions 
occurs, and the quality of the copper foil is compromised. On 
an actual copper foil surface treatment line, it is necessary to 
rapidly conduct multiple surface treatments; multiple collecting 
rolls are positioned along the line to collect current. Since 
the copper foil cannot be adequately dried with hot air ovens 
and the like along the line, problems such as sparks and the 
electrolytic deposition of metal on the metal surface tend to 
occur. Even when seamless collecting rolls are employed, there 
are problems in that defects such as pinholes and scratches are 
produced by electrolytically deposited metal particles in the 
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copper foil^ and electrolytically deposited metal particles fall 

off, adhering to the surface of the copper foil. 

[0006] 

[Problems to Be Solved by the Invention] To avoid this problem, 
given the current state of the art, a restricting roll is 
positioned on the collecting roll to remove liquid, the 
correctness of the copper foil tension control is measured, or 
the material of the collecting roll and the roughness of the 
surface are optimized. However, none of these methods solves 
the fundamental underlying problem. There is also a problem in 
that the cost of the collecting roll itself has become quite 
high. The problem to be solved by the present invention is how 
to fundamentally eliminate the drawbacks of the above-described 
collecting roll, 
[0007] 

[Means of Solving the Problems] As a result of extensive 
research conducted to eliminate the drawbacks of the collecting 
roll, during which the conclusion was reached that it was 
necessary to eliminate the collecting roll itself and establish 
a technique of collecting current from the copper foil without 
employing a collecting roll, the submerged current collection 
method was successfully developed. The submerged current 
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collection method refers to a method in which both an anode 
plate applying a current to copper foil and a cathode plate 
collecting current from the copper foil are submerged in an 
electrolytic bath while each being coupled to a direct current 
power source, applying current to and collecting current from 
the copper foil without requiring the use of a collecting roll. 
This method has been determined to be suitable for application 
to copper foil surface treatment processes. Based on this 
discovery, the present invention provides a method for surface 
treating copper foil for a printed circuit by submerged current 
collection, characterized by comprising the steps of: 
positioning an anode plate directly coupled to a power source 
for applying current to said copper foil and a cathode plate 
directly coupled to a power source for collecting current from 
said copper foil in an electrolytic bath facing said copper 
foil; applying a required current to said copper foil and 
collecting current from said copper foil to electrochemically 
surface treat said copper foil, without employing collecting 
rolls, in a combination of an electrochemical reaction in which 
said copper foil serves as anode and an electrochemical reaction 
in which said copper foil serves as cathode. As applicational 
examples, a configuration is possible in which the cathode plate 
is positioned in a first electrolytic bath to electrolytically 
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process the roughened surface of said copper foil and the anode 
plate is positioned in a second electrolyte bath to roughen the 
surface of the copper foil, and is possible in which a 
configuration in which the anode plate is employed to roughen 
the surface of said copper foil after which said cathode is 
employed to electrolytically process the smooth surface of said 
copper foil within a single electrolytic bath. In the latter 
case, the cathode plate is desirably separated by an ion- 
exchange membrane . 
[0008] 

[Operation] Fig. 1 is a conceptual diagram of the application of 
the submerged collection method applied to an electrolytic bath 
2 in which a process A is conducted and an electrolytic bath 3 
in which a process B is conducted on copper foil 1. An anode 
plate 5, coupled to the positive electrode of a direct current 
power source 4, and a cathode plate 6, coupled to the negative 
electrode of direct current power source 4, are positioned 
opposite the copper foil. The arrows show the flow of current. 
In Fig. 1, an electrochemical reaction in which the copper foil 
serves as anode in process A and the copper foil serves as 
cathode in process B is established. Accordingly, in process A, 
an electrolytic reaction takes place in which copper and 
adhering matter are removed from the copper foil, such as 
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electrolytic processing in the form of electrolytic polishing or 
electrolytic degreasing, while in process B, an electro- 
deposition reaction such as surface roughening or plating takes 
place. Further, as shown in Figs, 3 and 5, both anode plate 5 
and cathode plate 6 can be positioned in a single bath. In Fig. 
3, processes A and B are simultaneously conducted on both 
surfaces of the copper foil, while in Fig. 5, processes A and B 
are continuously conducted on a single surface of the copper 
foil. Since many steps are involved in the surface treatment of 
the copper foil, by suitably combining those in which the copper 
foil serves as anode in the form of electrochemical reaction 
process A, and those in which the copper foil serves as cathode 
in the form of electrochemical reaction process B as set forth 
above, a variety of copper foil surface processing is possible 
by the submerged current collection method. 
[0009] 

[Embodiments] As set forth above, a variety of surface 
processing is conducted on the rough surface and smooth surface 
oftJh^_^o^ example, in the case of rolled copper 

ffoil, preprocessing in the form of an electrolytic process such 
as electrolytic degreasing to clean the surface of the copper 



foil is conducted in an alkali aqueous solution^ In that case, 



a 5 to 50 g/L concentration of sodium hydroxide solution can be 
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employed. In the case of electrolytic copper foil, such 
processing is unnecessary. In subsequent processing, nearly the 
same processing is employed for both rolled and electrolytic 
copper foil. Normally, the rough surface on the side of the 
copper foil that is to be adhered to a resin is subjected to a 
copper roughening treatment such as electrodeposition to render 
the copper gnarly in order to increase the peeling strength of 
the copper foil after lamination. Such electrodeposition 
rendering the copper gnarly is readily conducted by ^^burning" 
electrodeposition. As an example of a copper roughening 
treatment, the following conditions may be employed. 
[Copper roughening treatment conditions] 
Cu : 5 to 50 g/L 

H2 SO4 : 10 to 100 g/L 

As : 0.01 to 5 g/L 

Liquid temperature : Room temperature to 50°C 
Dk : 5 to 80 A/dm^ 

Time : 1 to 30 s 

[0010] Following the roughening treatment, thin copper plating 
(common plating) is applied as a cover to prevent the particles 
from falling out. For example, the following conditions may be 
employed . 

(Covering thin copper layer plating conditions) 
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Cu : 30 to 100 g/L 

H2 SO4 : 10 to 200 g/L 

Liquid temperature : Room temperature to 75°C 
Dk : 5 to 60 A/dm^ 

Time : 1 to 30 s 

[0011] A treatment in which a metal layer of a metal selected 
from among Cu, Cr, Ni, Fe, Co, and Zn or an alloy of two or more 
of these. metals is formed is desirable to roughen the surface. 
Examples of alloy platings are Cu-Ni, Cu-Co, Cu-Ni-Co, and Cu-Zn 
(for details, see Japanese Patent Publication No. Sho 56-9028; 
Japanese Patent Application Publication Nos, Sho 54-13971, Hei 
2-292895, and Hei 2-292894; and Japanese Patent Publication Nos. 
Sho 51-35711 and Sho 54-6701.) This treatment layer either 
functions to determine the final shape of the copper foil or as 
a barrier. 

[0012] The smooth surface is imparted with corrosion resistance 
and hot oxidation resistance (to prevent discoloration by 
oxidation or the like in air under conditions of 160°C or more 
for 30 min, desirably 200°C or more for 30 min, and preferably 
at 240°C or more for 30 min) . Any of the known methods can be 
used for such treatment. A typical example is Zn plating. The 
electrolysis conditions are given below by way of example. 
(Zn plating conditions) 



ZnS04-7H20 



50 to 35 g/L 



pH (sulfuric acid) 



2.5 to 4.5 



Liquid temperature 



40 to 60°C 



0.05 to 0.4 A/dm^ 



/4 



Time 



10 to 30 s 



[0013] To increase resistance to hot oxidation, as necessary, Zn 
plating can be replaced with a Zn alloy of Zn with one or more 
metals selected from among Ni, Co, V, W, Mo, Sn, Cr, and the 
like. Taking the example of Zn-Ni alloy, a Zn-Ni electrolytic 
plating bath is desirably employed to form an extremely thin Zn- 
Ni alloy layer with a desirable composition of 50 to 97 weight 
percent Zn and 3 to 50 weight percent Ni at an adhesion quantity 
of 100 to 500 yg/dm^. When the Ni content is less than 3 weight 
percent, the desired improvement in resistance to hot oxidation 
is precluded. When the Ni content exceeds 50 weight percent, 
solder wettability deteriorates and resistance to hot oxidation 
further deteriorates. When the adhesion quantity of the Zn-Ni 
alloy layer is less than 100 yg/dm^, improvement in resistance to 
hot oxidation is precluded. When 500 pg/dm^ is exceeded, 
electrical conductivity deteriorates due to dispersion of the 
Zn. The Zn-Ni alloy layer increases the resistance to hot 
oxidation of the smooth surface of the copper foil without 
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compromising other characteristics such as solder wettability 
and resist adhesion. To avoid greatly changing the exterior 
copper color, the adhesion layer is desirably thin, as set forth 
above. The same holds true for Zn-Co alloy treatment. Examples 
of the compositions of a Zn-Ni plating bath and a Zn-Co plating 
bath and their conditions are given below. 
(Zn-Ni (or Zn-Co) plating bath conditions) 



Zn 

Ni (or Co) 
PH 

Temperature 
Current density 
Plating time 



5 to 50 g/L 
1 to 50 g/L 
2.5 to 4 
30 to 60°C 
0.5 to 5 A/dm^ 
0.1 to 10 s 

[0014] Subsequently, the rough surface and smooth surface are 
subjected to a Cr antirust treatment. The Cr antirust layer 
refers to an antirust layer comprised chiefly of chromium oxide 
comprised of a combination of (1) treatment with a single film 
of chromium oxide, (2) treatment with a mixed film of chromium 
oxide and zinc and/or zinc oxide, or (3) a combination of the 
two . 

[0015] For treatment with a single film of chromium oxide, it is 
also possible to use immersion in chromate; electrolytic 
chromates are often employed. When weatherability is desired. 



14 



electrolytic chromate is desirable. An example of electrolytic 
chromate processing conditions is given below. 



K2Cr207 : 0.2 20 g/L (Na2Cr207, CrOa) 

Acid : Phosphoric acid, sulfuric acid, organic 

acids 

pH : 1.0 to 3.5 

Solution temp. : 20 to 40*^0 

Dk : 0.1 to 0.5 A/dm^ 

Time : 10 to 60 s 



The Cr adhesion quantity is less than or equal to 50 pg/dm^, 
desirably 15 to 30 yg/dm^. 

[0016] In the film treatment of the mixture of chromium oxide 
and zinc/zinc oxide, a plating bath containing a zinc salt or 
zinc oxide and chromate is used to coat by electroplating an 
antirust layer of zinc-chromium base mixture comprised of 
chromium oxide and zinc or zinc oxide. This is called an 
electrolytic zinc-chromium treatment. The plating bath is 
typically in the form of a mixed aqueous solution of at least 
one from among CrOa and dichromates such as K2Cr207 or Na2Cr202; at 
least one water-soluble zinc salt such as ZnO or ZnS04'7H20; and a 
hydroxide alkali. A typical plating bath composition and 
typical electrolysis conditions are given below. 
(Electrolytic zinc and chromium treatment) 
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K2Cr207 (Na2Cr207or CrOa ) 



2 to 10 g/L 



NaOH or KOH 



10 to 50 g/L 



ZnO or ZnS04*7H20 



0.05 to 10 g/L 



PH 



7 to 13 



Bath temperature 



20 to 80°C 



Current density 



0,05 to 5 A/dm^ 



Time 



5 to 30 s 



Anode 



Pt-Ti plate, stainless steel plate, 



etc. 



The coating quantity must such that the content of chromium in 
the chromium oxide is 15 pg/dm^ or more and the zinc content is 
30 Jig/dm^ or more. The thickness may be different on the rough 
surface side and the smooth surface side. Such antirust methods 
are disclosed in Japanese Patent Publication Nos. Sho 58-7077, 
61-33908, and 62-1404. A combination of a film treatment of 
chromic oxide alone and a mixed film treatment of chromium oxide 
and zinc/zinc oxide is also effective. 

[0017] The rough surface of the copper foil is subjected to 
steps such as electrolytic degreasing (only for rolled copper 
foil), surface roughening, cover copper thin layer plating, 
treatment processing, and antirust processing. The smooth 
surface of the copper foil is subjected to steps such as alkali 
degreasing (only for rolled copper foil) , processing to impart 



corrosion resistance and resistance to hot oxidation, and 
antirust processing. Several examples of copper foil processing 
by the submerged collection method are described below. 
[0018] (Embodiment 1) : Example of the combination of 
electrolytic processing and roughness treatment 

The present example describes the case where the 
electrolytic processing and roughness treatment of rolled copper 
foil are conducted in separate electrolytic baths. Here, 
process A in Fig. 1 corresponds to an electrolytic process 
(specifically, electrolytic degreasing) and process B 
corresponds to a roughness treatment. As shown in Fig. 2, 
electrolytic bath 2 contains an alkali solution for electrolytic 
processing such as a sodium hydroxide aqueous solution of NaOH: 
5 to 50 g/L at 30 to 50°C. Electrolytic bath 3 contains a 
common copper sulfate solution used for roughening copper foil 
(for example, Cu: 10 to 50 g/L, H2SO4: 50 to 100 g/L). Further, 

an electrolytically treated cathode such as a stainless steel 
plate coupled to the negative electrode of direct current power 
source 4 is positioned in electrolytic bath 2 as cathode plate 
6. A roughening-use anode in the form of a soluble anode or 
insoluble anode coupled to the positive electrode of direct 
current power source 4 is positioned in electrolytic bath 3 as 
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anode plate 5, A current with a current density of 5 to 50 A/dm^ 
flows from direct current power source 4 in electrolytic bath 3. 
The rough side of copper foil 1 is electrolytically treated 
(specifically, electrolytically degreased) in electrolytic bath 
2 and then subjected to a roughness treatment to deposit copper 
gnarls in electrolytic bath 3. When the printed circuit-use 
copper foil had been roughened under the above-stated 
conditions/ it was possible to achieve homogenous surface 
processing and good peel characteristics over the entire 
surface . 

[0019] (Embodiment 2) An example of processing both sides of a 
copper foil in a single surface processing bath (part 1) 

As shown in Fig. 3, the positive electrode of direct 
current power source 4 is connected to anode plate 5 and the 
negative electrode thereof is connected to cathode plate 6. 
Anode plate 5 and cathode plate 6 are positioned opposite the 
route of copper foil 1 in electrolytic bath 7, with cathode 
plate 6 constituting a counteranode . Electrolytic bath 7 
contains a copper sulfate solution (such as Cu: 10 to 50 g/L, 
H2SO4: 50 to 100 g/L) commonly employed to roughen copper foil. 
Thus, anode plate 5 causes a copper roughening treatment 
reaction on the rough surface and cathode plate 6 causes an 
electrolytic process (specifically, electrolytic polishing) 
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reaction on the smooth surface. Copper foil having well-treated 
and homogenous surfaces and peeling characteristics can thus be 
manufactured. 

[0020] When employing a conventional collecting roll, pressure 
scratches on and the transfer of deposited metal material to the 
collecting roll caused a defect rate of several defects to 10- 
plus defects per kilometer. However, it became possible to 
maintain a defect rate of 0 defects per kilometer. In this 
case, the electrolytic polishing reaction on the smooth surface 
created concerns in the form of variation in surface 
characteristics and external appearance. This problem was 
completely solved by optimizing the current density of cathode 
plate 6. That is, it was unexpectedly discovered that by 
masking a portion of cathode plate 6 to increase the current 
density, almost no electrolytic polishing occurred. This was 
presumed to have occurred because the current concentrated in 
places where the smooth surface was relatively pointed, fully 
smoothing the smooth surface. 

[0021] (Embodiment 3) An example of processing both sides of a 
copper foil in a single surface processing bath (part 2) 
There is a problem with Embodiment 2 in that a copper deposition 
reaction occurs on cathode plate 6, necessitating its regular 
replacement. Accordingly, to solve this problem, as shown in 
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Fig. 4, a cationic exchange membrane 8 is positioned between 
cathode plate 6 and copper foil 1. In practice, all of cathode 
plate 6 is desirably covered with cationic exchange membrane 8, 
with the interior consisting of sulfuric acid alone. The 
implementation conditions are based on those of Embodiment 2. 
[0022] (Embodiment 4) An example of continuous processing of 
one side of the copper foil in a single surface treatment bath 

As shown in Fig. 5, anode plate 5 and cathode plate 6 from 
direct current power source 4 were positioned facing just the 
rough surface of the copper foil. Cathode plate 6 performed 
electrolytic processing (specifically, electrolytic degreasing) 
and anode plate 5 performed a copper roughening treatment. 
Cathode exchange membrane 8 was positioned between cathode plate 
6 and copper foil 1. Copper foil for printed circuits with no 
variation whatsoever in characteristics or appearance and 
extremely good peeling characteristics on the smooth surface was 
obtained. 

[0023] (Embodiment 5) An example of processing both sides of a 
copper foil in a single surface processing bath (part 3) 
The present embodiment is an example in which both sides of the 
copper foil were continuously processed. Anode plate 5 and 
cathode plate 6 from direct current power source 4 and anode 
plate 5' and cathode plate 6' from direct current power source 
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4' were positioned about copper foil 1 as shown in Fig. 6. 
Cathode plate 6 performed electrolytic processing (specifically, 
electrolytic polishing) of the rough surface of the copper foil, 
anode plate 5 deposited copper on the smooth surface of the 
copper foil, cathode plate 6' electrolytically treated 
(specifically, electrolytically polished) the smooth surface of 
the copper foil and anode plate 5' caused a roughening reaction 
of the rough surface of the copper foil. Cathode ion-exchange 
membranes 8 were positioned between cathode plate 6 and copper 
foil 1 and around cathode plate 6' . 

[0024] Specifically, after running 10 A/dm^ of current through 
anode plate 5 for 28 s, 80 A/dm^ of current through cathode plate 
6 for 3.5 s, 70 A/dm^ of current through anode plate 5' for 4 s, 
and 320 A/dm^ of current through cathode plate 6' for 0.88 s, the 
rough surface was subjected to normal plating at 30 A/dm^ for 7.2 
s. This copper foil exhibited a peeling strength under normal 
conditions of 2.25 kg/cm and the smooth surface exhibited no 
variation in characteristics or external appearance. 
[0025] By contrast, as shown in Fig. 7, two-stage roughness 
processing of the rough surface of the copper foil was conducted 
by the conventional method employing a collecting roll. After 
running 70 A/dm^ of current through anode plate 16 for 2 s and 70 
A/dm^ of current through cathode plate 16' for 2 s, the rough 



surface was subjected to normal plating at 30 A/dm^ for 7.2 s. 
This copper foil exhibited a peeling strength under normal 
conditions of 2.11 kg/cm. 

[0026] As will be understood from this example^ when employing 
the submerged collection method of the present invention, 
electrolytic polishing prior to roughness processing does not 
have a negative effect on at least the peeling strength under 
normal conditions and completely prevents defects due to 
pressure scratches and transfer of metal material by the 
collecting roll, and is thus extremely effective. 
[0027] 

[Effect of the Invention] 

1. Permits the manufacturing of defect-free copper foil without 
scratches, marks, or the like. 

2. Permits surface processing at low cost without the need for a 
collecting roll. 

[Brief Description of the Drawings] 

[Fig. 1] A conceptual diagram of the application of the 
submerged collection method to an electrolytic bath performing a 
process A and an electrolytic bath performing a process B on 
copper foil 
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[Fig. 2] Shows an example of an implementation of electrolytic 
processing and roughness treatment to two separate electrolytic 
baths based on the present invention. 

[Fig. 3] Shows an example of the processing of both surfaces of 
a copper foil in a single surface treatment bath based on the 
present invention . 

[Fig. 4 ] Shows an example of the processing of both surfaces 
of a copper foil in a single surface treatment bath employing a 
cationic ion-exchange membrane based on the present invention. 
[Fig. 5] Shows an example of the continuous processing of a 
single surface of a copper foil in a single surface treatment 
bath employing a cationic ion-exchange membrane based on the 
present invention . 

[Fig. 6] Shows a further specific example of the continuous 
processing of both surfaces of a copper foil in a single surface 
treatment bath employing a cationic ion-exchange membrane based 
on the present invention. 

[Fig. 7] Shows an example of the continuous processing of a 
single surface of a copper foil by the conventional method. 
[Fig. 8] A conceptual diagram showing the conventional use of a 
collecting roll in part of a surface treatment line in copper 
foil manufacturing. 
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[Reference to the Numbers] 



Copper foil 



2, 3, 7 



Electrolytic baths 



4, 4' 



Direct current power sources 



5, 5' 



Anode plates 



6, 6' 



Cathode plates 



Cationic ion-exchange membrane 



9, 9' , 9", 9' " Guide rolls 
10^ 10' Immersion rolls 

12, 12' Collecting rolls 

13, 13' Immersion rolls 
14 Guide roll 

15, 15' Direct current power source 

16, 16' Anode plates 
[Fig. 1] 

[(#left of 9) Copper foil flow (2) Process A (#lower left) 
Current flow (4) Direct current power source (#between 9' and 9") 
Current [sic] flow (3) Process B (#above 4) Current flow (#right 
of 9") Copper foil flow] 
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leat, mmu-jui:m\^i'iZ'mfrhm^mmiz 

mmm txmmmmt^j: hm^^it^mt mm 

izmmmti c: t t:mt trn'^rn'm^zx irv 

[it^JS2] mi<^mmizi5\,^xmmwLmmix 
m?§mim<^nm>mim^^ ixikm2<^wmiz}5 
\'^x\^mmt:WM Lxm^im(omm.itt:'€ o is^ 

mm%^mmm^mo i y h mm 

[00 0 1] 
[0002] 

ti, mis • %'^■mmM<r>%m.^z±t<■^^■LXii o , 
^ti^tnz§><ff)^mmmifi-^j:^tih, -mz. mt\f 
[0003] m^cor^} y h mssffl^fs^ffl^ftJiTo-fe 

x\,zn\^X\i. %^<DWm.i'^ts:otziibi<z. »mD-/P 
(^y:J'^'^^-;^Xt4^y^^';^'-o-;^) Sr*e-!gi: 

Lx^>^fz. ttphh. mmmm^m>m'7^y{zii»h 
mmmn. nmr^onnxummm^mmzf^ 

-iX-mX'Mi^ \.ihUzMzW§.<cr>n-)Vif^m^ 
nTv^s*^. y^+t=ISfflwm«D-;L'*«fiM§^T. 

lit. n.mm^\.zmmu-)vi 2^[lIDa^•c'S^rF:^^= 

AO-eL-CjgiSo-;H 3, 13' t J: Of*!^ ^^;c-C 
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fiiLt:^C±#t, ^l*|D-;H4 5:/i-UT?l#tii$ 

L^cusffii dtm^hnmLxmrnti. m.mm<r) 

-Mz'^^:lt^t>m.^mu<n^m^t^^ilxmm^ 
mh. mux. mm^-Mz\.ii^37)A<r>i^m^ 

[0004] m.^(r)WiWo-Mzi5\^Xit. xi-yi^x 

10 mm^&mwx^zx'f-m^bL. ^zizmmim-^ 

mmtztizi:y)a-jimt:mf^Lx\^tz, l*> 
I. zoifcmmsmimm^-fi^x'ii. mtms 
i,zmmtmmms,si>M(r>fSTti^mz-yfz, mm. m 

mhmt:m':>mmiz. mmmzmmizm 

■th±mmzx'omm^zfyir^-iu. wm<7)T^B:^:% 
4$-ti:, tfzwsx^mmmxmmmmizmti 
m<r)mmi:§.uz, ^zx\ x^yvmnm^k^ 

[0005] wm.vi-Mi.-m^^zmif-^'rt^z'mkL 
x\^hmmizmm:thii!^ifihh. iramtcti* 

'm tmzm'^cr>%mmmm 1 1 v ^ i, <;^ifmmx'h 

*). mm&>'St^^mi:mtf}->^x'$)h, ^mm 

Mm^tix\^?>, ym'^izi^^^xiimmM^m 
x+mzmm-^hzbiix't^j:\'^t:i^. ^w,mm±x' 

Vr^ma^m txmmmiznmthmff^^mi:^^ 

lZtl,z^j:?>. 
[0006] 

ixmri-ji'^B.mLfz'o . mfm:n^yha-)\,(/) 

m^rh^zm'iX\'^^j:^\ trz, m^\=i-ium(oax 
ii±iicr>m'^n~Mzm.'thT^^-^m:^mzmnt 

[0007] 

50 II^Sfl^t-|.;^ce6t{4. m«n-;wa«t^Sf|^L. m, 
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m^ZMizm itimx'\>^-rtLi>m,m^izmm 

I. mm^-)\^i:m^i'mmttim^^mmizma 
mmthimx'h*). mm<r)m!mra-iiMznmi>z 

v^T, mizmmmatitiMzwzg. 

mj^k^timmut ^\.^■nll9m^^'¥^zmm^zMmL 
xwMi. $mu-)\.^m^^i'izmtthwsL^m 
izmmmtxmm^v^mt ^j:^m%it^mt mm^ 

miz^mmmti z t mmtt^m'^miimizx hr 

^(^mmmtLx. m<^%mm^zii\^xmmmws. 
LTffljiffl-fbffl^mMjaa^ ffv^-e Lx'ikw.2(Dmmm 
\,zii\^xwmmwMLxm'mim<^mm.\\L^:'{io 
ffl-^-if-^, mmmvk^zax^xmwLm^mmLxm 
ffi-ft;s«o^fflffi'(i:^'ffv\ ^Lxmw^^:^mLxmm 

m<r>^. ^mm:^ym.m^zi.y)wm-h<r) 
m^^X'hh. 

[0008] 

[^ffl] mui. m'^mwA^imm^znLxm.p^^ 

<r)Wdmx'hi>, ws.^m(^iLWizmMwmw^ 

5 tmM,^m cr)%.mzmm^iifz^mm. e t i^mm^z 

nmLXm^^til, mti^9M<^W.tii7r:t. Hue 

}i\^x. DmAXimmij^mm. ^txmBxnmm 

-e LxmmBxnmm&it'^i^'>t<^x o ^m^stes: 
t7t^>-fii:**T'#i., -If. m3xiim5mizMm 
m^z^mustmmmemmthztiziiy). ms^z 
)5\i^ximmAt9mB^mmcommizii\<^xmizfT 
ozttf^x'^, xHsictJi^TJi, mmcot^i-mizumA 
tmBir^LxnozbhX'^h. mmmrnm 

^it^mm B t ^:±iZ(omzmm-^i ztdz 

I.. 

[0009] 

immm] -tx-^zm^tixoiz. mcomimmm. 
c7)is^, t-r. Hiixaafc ixmm<^mmimmttim 
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fflU-CHJS^ilS. Z(Om^. 5-5 0g/li8]g<0;4< 

mmm^. z(r>m^j:>miiT-mx'f)h/}^. -ecot^^o 

m'{mf,zmmtk(r>mmcr>3\mim^if^±^'^h 
ztimtLx. miim<D^tzjiimwMi:m 
oms.<mmtfim^tLt, z o Ltimnji.tzjt!.m<^m 
mi^^h«!>i>^rmi>zx*)^mz{>t:^^ixh, m. 
10 immmtixit. murmmmm^nm, 

Cu :5~50g/l 
Hz SO4 : 1 0-1 OOg/l 
As : 0. 0 l-5g/l 

Dk : 5~8 0A/diD2 

B#EI : 1~3 0# 

[00 1 03 mimmmz. n^c^mm±-t^rzif> 

Cu : 3 0~1 OOg/1 
H2 SO4 : 1 0~2 0 0g/l 

Dk : 5~6 0A/din2 

B#ia : 1-3 0# 

[0011] ffl«CCu. Cr. Ni. Fe. CoR 
Xlit. Cu-Ni, Cu-Co, Cu-Ni-Co, C 

u-zn^<7)mi:mftzb¥tiim mma. n^m 

56-90 28-t. !ft^BS54- 1 397 1-^, #IBT 
2-292895-^. #IB¥2 - 2 9 2 8 9 4"^. ^ 
8351-3571 1-^, t#^BS54-67 0 l-f^Sr# 

mWi^t^i>(r>k Lxttzmmt tx<Dm\^^t: 
[ 0 0 1 2 ] fi!i:6-. 3tii^ffl(c{i, m:kmix/mm^im 

40 16 0'a:l±x3 0^, if*L<{i:2 0 0-C 

tUiX3 0^\ 1ftc$fi;L<(d2 4 0'CliLhx3 0^<0 
^f¥<OTX'mtm(^^^m±-ti>Zt) Hi^-thfz 

i^mmimt. z<r>m^j:>mti. 'jmmmfo^^-rti 
itmxh h . ^<^nMm-^mfx^< . 

ZnS04 ■ 7H2 O : 50~3 5g/l 
PH (KS!) : 2. 5-4. 5 

?S?a : 4 0-6 O'C 

50 Dk : 0. 0 5 — 0. 4 A/dm^ 
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iSfig :10-3 0# 

Znf+«li-ffi{;3 0-2 5 0/ig/dD2 b^tlh. 

[ 0 0 1 3 1 -e UT, mmt^mimib^fcMz. '£m 

izmt. Zny)o|tlC#;t, ZntNi, Co. V. 

Mo. sn. crm^^(imiR^tiiima±co±m 

<{4Zn-Ni«»fto^r§$-<tfflLT, mi<li5 

0-9 im&XZ nRl/S-S Ofi«%N i colMc7)Z 
n-N i ^^m^ 1 0 0~5 0 0// g/dm^ Oft^MT' 10 

:^rN i mm om&%imi 1 1 . ^mmtimmitt 
itmz. mm&^mij t tzm^tti , z n - n i 
s<7)ft«**n 0 o/ig/dm2 *)i-c-{4. mmkim<7) 

z n^(7)te«i[{c J; 'ommmmtth , z n - n i -^^ 

fcWctiieoj: 3:5:jiV'.tc7)i:$iiS. Zn-Co-^ 
Zn-Cotf5o# ^JJ4<>:c7)a 0 



CZn-N i 
Zn 

Ni (T^SCo) 
PH 



(JbSZn-Co) S^ogifS^ftD 
5-5 0 g/1 
1~5 0 g/1 
2. 5-4 
3 0-6 O'C 

0. 5-5A/diii2 30 
0. 1-1 0# 

[0014] ^<r>m. m.itmRifmimi,zc rmmm 
mm^m. c rmmmtii. ( 1 ) 9^j>~mm 
(r)mmf^mmi^^ii (2) ^a^K-ftii^jtffiis&tA' 

[0 0153 ^^aj^.mmcom^mmmizmixii. 

K2 C r2 Ov : 0. 2 — 2 0 g/1 
(Naz C r2 07 . C r03 ) 

pH : 1. 0-3. 5 

JSiS : 2 0-4 0'C 

Dk : 0. 1—0. 5A/din2 

: 1 0-6 0# 50 
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C r#«4{4 50 u g/dn^ OT. Iff^ L< 1 5-3 
0>ug/diD2 

[00161 ^'oj^mmt^/mmmtcom-^ 
iitLh, ib^^mtiximm^iz. crz 07. 

Naa Crz O? IfcOfi^DASta^C r O3 

< t t-a t . TkjittffilSJg. ^Ixtf Z n O . Z n S O 

4 ■ 7H2 0^£7y>^<tt,-Si;. *g-fbryl'^'Ji: 

K2 C ra O7 (Na2 C rz O7 

2-10 g/1 
10-5 0 g/1 



XtiCrOs ) 
NaOH:5C{4KOH 
ZnOXti 

ZnS04 • 7H2 O 
pH 



0. 05-lOg/l 

7-1 3 

2 0-8 0''C 

0. 0 5 — 5A/diB2 

5-3 O?^." 

Pt-T i«. X7-yu:xmWL 



7ni.SM4i7oA*t LT 1 5/x g/dm2 I^LL-?- 1 
tSia{43 Om g/dm21iUL«^MSl-*^W§n§. ffl 
^liEffl!li:3tiRffi(S!lfc'CJ¥S«r^^'c>Li6-Ct»^V\ id 
t^cKIS:^ffi{4. !ft^^BS5 8- 7 077. 61-339 
0 8. 6 2-14 04 0^lCiaSt§n-CV^I.. ^^'OM.M 

[0017] zcox 0 mmcomma. mmm 
t-hv-hmm-mm>iisim<oxmii^AL. mum 

OT. mm(r)K^<^i)-(mmmiz-o\^xm^Mmmi 

[00 181 (m&mi) :nMmmi:m.itmt<om 

«4. sMmmcommumtmimmt i 
<r>wsmx'm^mi7rf, zzTit. mi<r>mA 

tmmum (Mmizummm) iz^ixmmB^jm 
-fkjaatcffls-ri., m2iz^rxo^z, vMm2^ziim 
mmm(r)fzib<r)rji':^ ojmw.. mms 0-5 o'cco 

NaOH: 5-5 0 g/ 1 cOTKiJ-ft-^h 'J •>A;»K^?il*< 

m^tih. mm3izim?smt<r)tzMzm^^hixi 
-fscmmmmm mm. cu -. 1 0-5 o g/ 

I.H2SO4 : 5 0-1 OOg/l ) *iJRtt$ill., 
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wmm {^m\.z\immm) ^titz^. wm^p^ 

X'mr)Ji>LLjii^^<rmxv^mimm^^\ih. m 

[0019) {mmm2 > : mmmmmmAX'<r)mmm 

m3i<z7f:txoi,z. mmMM4<r)iEmi:^ws.5i,z^t 
x-^<r>nmmim6t,z^^mmth. f§,m.5t^ 

WL6tii. mm7p^xmml(r)'i^^{z^^^txmm^ 

ui . m?m^t<ofzMzm^^ hti:^-mmr«Mmmwi 

(mm. Cu : 1 O-SOg/l . Ha SOt : 50 

~i 0 0 g/ 1 ) ztuzx mitmx' 

{i, WimmsizxmmmmRmmhii. mm. 
mx'immme^zxmmfistm iMmuinm^) 
mtii^^m^^ti. mm\:i-)Uim^^i'izmx'R-o 

t^X'^fz. 

[0020] tM*cO«fl:o-/l^SrfflV^|. t , «fl;o-;l/ 

iz-mti>^m<^m. wm^izxm^^i ois^ 

/km<^T-^^mX'h-ofz1jC0f}\ ^F^I&^^Sr^^ 
I.z01r/kml,zm^t^^ti}^mt^j:'yfz. Zcoi^ 

ytiRm<^VMm^mi>zx'o. «fflo#i4^i'h»o 
^imti^mit^tifzifi, z<7)^mii. mmeffymm 
m^rWcmitti^tmzx 'o^-^izmm-tiztm-^ 
fz, t^d:h-h. mmmi-^-?x^yi/tmm&^ 

uztmmuz. -f-t^aifcLTti. mtmff^imm 
ifi-^x^^mmizmiwm^t, mm^-kwmiz^i^ 
it^-tx^^ii><^tm^^fih. 
[0021] immma) -.mummmmmmm 

mmmm {-eo2) 

mmm 2 tix. mm. e izmmtHKmijWfS. 
^tiifzi^. ^mz^<7)Mmim^smtt^. -e^ 

X'ZCOfS\mi:mithfztbiZ. 04l=5^-tJ:oCC. ^ 

met mm It crimzm-i ^ y^i^ma mm ttzmx 
hh, mmmz{t. mm.e-kmm^ ^y-m^Qx- 
^(r>nu^^m<n^t^h:LtmtL^\ mm 
^mimm2{zw\:.h. 

[0 0 2 2] irnmA) : mmmmmkx'ffysm)^ 
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(>t^m^<m.^m(r>MznLxwm.L. mm^e^za 
^^xw^m. (mmz\iwmm) ^Lxmm.5\.z 
ii\,^xwmi^>)mmt:'^'>tz. mmstimit(r> 
mzm >j- yt£.ms muuz . mM\.z\,mt>w& 
^\-mLm.^^H-z.hz.tti:<imzhm\^-ii' 
ittt^^r u y vmnmmm'i%h:itifiw,mtz. 
[0023] {mm5) -.mm^mmAxmrnm 
mmm (-eos) 

ifm.mmwimm.^m.mx'h 1. . n e tc^-r i 0 , 
10 mmMMAi)^h(r>^mu5tmmue^Lxu^«.nM 
4' ij^(>mmwL5- tm^me' t^mnznix 
WMi. mmmsizi3\^xmmim(owm!m 
mz\i. mm^) ^ixmmmsizh^^^xmmytiRm 
izmcowMRmi:'ffotmz, mmue' ^za^^xmm 
ytim<Dmmmm (MW^ui. mmmm) ^tx^m 
ms- iz)i\^xmm.-mizmitmmmi:n^tz. ^ 
mmm6tmmit<Dmx/mm6' <omizm 
-^^y^mmmmuz. 

[00 24] ft«:WtC(4. llM^5tCl 0A/dm2 x 
20 28«''-?-LTKffi«t6tc80A/dm2 x3. 5#\ t 
fzmmU5' {;70A/dm2 X 4#-?- tT^ffi«6 ' 

t3 2 0A/dm2 xo. 8 8#, mmudk. ffl-fbffi 

tC30A/dm2 X7. 2#iE^i^o§SrMUctc7) 
{4, 2 . 2 5 k g/c mJ7)^®e-;W3SKS-S^L. 

[002 5]-:^. I17lc^-rj;d{c. ft«n-;l.S-ffl 

^^tzmk&izx 0 . ^sc^fi^bffitc 2gi!iatc<i: 

amin^tz. l®|g«iil6lC7 0A/din2 X2fj.\ H 

€b^16' (C7 0A/din2 X2fmW.Lfzm. ffl^ffi 
30 tC3 0A/dm2 X7. 28.^iESy>o # Irjg t/ttO 
{4, 2. 1 lkg/cm<7)R»®tr-;i.3i«T'*oy;:. 

[00261 Komij^i^i^mmz. :^^m<^m'pmm 
-)i'^&iznLX{y^j:<thmBmim^i'. 
^^m±x^. ^mzmiX'h?>. 

[0027] 

[^B^^Oj&m] 
40 I.. 

[01 ] mmmm^mmizntxumAtrnoWMm 
timBi:nowmt izmm itzm^<r)Wiimx'h 
h. 

[02 ] ^wn^ii ^nmm.twm^t i 

m<r)%'mx'%mh m^m, 

[03 ] ^wn\<zxh^m>mm!mx<mmm9m. 

50 fiaj^^-t. 
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[08 ] mmwmmmmy^ y<o-^izmm^i}' 
1 mm 
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1 0 

2, 3, 7 mMfll 
4,4' HffiSj® 

5, 5' 

6. 6' mm. 

9. 9' . 9" . 9" " ^rto-;U 

10, 10' ?iaD-;i. 

12, 12" SSo-;l/ 

13, 13' mmo-fi' 

10 14 ^[*lo-;l' 

15, 15" ttsgSiS 

16, 16" HffiS 




[04] 



[05] 



[06] 



[08] 
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[07] 
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